Reactive oxygenation species (ROS) generated from reperfusion results in cardiac injury through apoptosis and inflammation, while PKR has the ability to promote apoptosis and inflammation. The aim of the study was to investigate whether PKR is involved in hydrogen peroxide (H 2 O 2 ) induced neonatal cardiac myocytes (NCM) injury. In our study, NCM, when exposed to H 2 O 2 , resulted in persistent activation of PKR due to NCM endogenous RNA. Inhibition of PKR by 2-aminopurine (2-AP) or siRNA protected against H 2 O 2 induced apoptosis and injury. To elucidate the mechanism, we revealed that inhibition of PKR alleviated H 2 O 2 induced apoptosis companied by decreased caspase3/7 activity, BAX and caspase-3 expression. We also revealed that inhibition of PKR suppressed H 2 O 2 induced NFκB pathway and NLRP3 activation. Finally, we found ADAR1 mRNA and protein expression were both induced after H 2 O 2 treatment through STAT-2 dependent pathway. By gain and loss of ADAR1 expression, we confirmed ADAR1 modulated PKR activity. Therefore, we concluded inhibition of PKR protected against H 2 O 2 -induced injury by attenuating apoptosis and inflammation. A self-preservation mechanism existed in NCM that ADAR1 expression is induced by H 2 O 2 to limit PKR activation simultaneously. These findings identify a novel role for PKR/ADAR1 in myocardial reperfusion injury.
. H 2 O 2 is highly diffusible and triggers subsequent inflammation, thus causing severe cardiac cell apoptosis and injury 3 . Inflammatory injury limits the benefits of reperfusion during acute myocardial infarction. Therefore, protecting cardiomyocyte from inflammatory damage could be a rational method for ameliorating myocardial reperfusion injury 4, 5 . NFκ B and NLRP3 inflammasome pathway are both important inflammatory signaling, and new targeted therapeutic strategies such as anti-NFκ B and anti-NLRP3 inflammasome were explored [6] [7] [8] . However, it is unclear how these inflammatory signaling molecules are coordinately regulated in myocardial reperfusion injury process. Myocardial apoptosis is one of major damage pattern which contributes to myocardial reperfusion injury 9, 10 . Therefore, various ways to alleviate apoptosis were also extensively investigated. Protein kinase PKR is double-stranded RNA (dsRNA)-activated serine/threonine protein kinase inducible by interferon(IFN). It was first identified as a mediator of the antiproliferative and antiviral actions of interferon. It is an ubiquitously expressed protein in mammalian cells and carry the potential ability for direct recognition of pathogens and activation of specific cellular responses to external stimuli. Encountering infections, PKR can regulate or act in conjunction with major inflammatory signaling pathways that are implicated in myocardial ischemia reperfusion injury, including NFκ B and inflammasome NLRP3 [11] [12] [13] [14] . In addition to regulating inflammatory signaling, PKR also promotes apoptosis through interactions with FAS-associated death domain protein and upregulation of the proapoptotic factor BAX 15, 16 reperfusion injury. Accumulating evidences also revealed that inflammatory stressors such as TNF-α , lipopolysaccharide (LPS), viral dsRNA and its mimetic compound poly (I:C), all activate the RNA editor ADAR1 [17] [18] [19] . By interacting with PKR and inhibiting its kinase activity, ADAR1 presents a role in buffering inflammatory stress effects 18 . Therefore, it is possible that ADAR1 also modulate PKR activity in cardiac myocytes. In the present study, we examined the role of PKR in H 2 O 2 -induced injury on NCM. We observed that PKR was activated by endogenous RNA from H 2 O 2 treated NCM, and inhibition of PKR activation significantly decreased H 2 O 2 induced injury. The mechanisms involve the suppression of NFκ B, NLRP3 inflammasome activation, and alleviation of apoptosis. We also confirmed ADAR1 was up-regulated after H 2 O 2 treatment, and ADAR1 modulated PKR activity.
Results
H 2 O 2 induces PKR phosphorylation in NCM. We first examined whether H 2 O 2 was able to activate PKR in NCM. As shown in Fig. 1A , 12 h exposure of NCM to H 2 O 2 resulted in the increased PKR phosphorylation. H 2 O 2 -mediated increase in PKR phosphorylation is in a dose-dependent manner with a peak at approximately 50 μ M. Because the maximum induction of PKR phosphorylation occurred at the concentration of 50 μ M, all subsequent experiments were conducted according to this concentration. Due to the key role of oxidative stress in PKR activation, we also determined the levels of ROS after 50 μ M H 2 O 2 stimulation. We found H 2 O 2 treatment resulted in maximum elevation of ROS after 2 h, and sustained 24 h (Supple Fig. 1 ). Next, NCM were stimulated with H 2 O 2 (50 μ M) for 0, 2, 12, 24 hours and PKR phosphorylation was evaluated. PKR was found to be activated by H 2 O 2 after 2 h, reaching maximum phosphorylation levels at 12 h (Fig. 1B) . 2-AP was extensively used as a PKR activation inhibitor. We confirmed 4 mM is the minimum concentration to inhibit PKR activation in H 2 O 2 treated NCM (Supple Fig. 2) . Pretreatment of NCM with the 2-AP for 30 minutes before stimulation with the H 2 O 2 significantly suppressed PKR phosphorylation (Fig. 1C) . PKR is a key component of the cytoplasmic RNA sensors involved in the recognition of viral double-stranded RNA (dsRNA), and bacterial RNAs can directly binds to and activate PKR in human adult cardiac myocytes 20 . Therefore, we tested whether endogenous RNA released from injured NCM can activate PKR. We found RNase abolished H 2 O 2 induced PKR activation completely (Fig. 1D ). It reveals endogenous RNA results in phosphorylation of PKR. Then, we performed the PKR binding assay to elucidate the mechanism. We found RNA from untreated NCM was unable to activate PKR, however, RNA from H 2 O 2 treated NCM resulted in phosphorylation of PKR. As a positive control, synthetic dsRNA (poly I:C) activated PKR distinctly (Fig. 1E ).
Inhibition of PKR alleviates H 2 O 2 induced NCM injury. The integrity of cell membranes or necrosis
is estimated by LDH release into the media in response to oxidant burden. Figure 2A shows H 2 O 2 induced LDH activity in NCM significantly reduced by 2-AP (1483.77 ± 27.60 vs 489.06 ± 16.74, P = 0.03). Figure 2B shows H 2 O 2 markedly decreased cell viability, compared with untreated cells (93.43 ± 3.10 vs 43.96 ± 6.26, P = 0.002). However, H 2 O 2 induced decrease of cell viability was significantly attenuated by 2-AP pretreatment (43.96 ± 6.26 vs 70.45 ± 7.08, P = 0.02). To exclude the possibility that 2-AP may affect the NCM survival independent to its effect of PKR inhibition, and further confirm the role of PKR in alleviating H 2 O 2 induced NCM injury, NCM were transfected with siRNA for PKR. First, we confirmed the knockdown efficiency of PKR by Western blotting (Supple Fig. 3) . Figure 2C shows H 2 O 2 induced LDH activity in NCM obviously reduced after down regulation of PKR (1306.95 ± 36.31 vs 520.43 ± 25.28, P = 0.03). Figure 2D 21 . Therefore, NCM apoptosis was assessed after H 2 O 2 treatment with (without) 2-AP pretreatment. We observed NCM apoptosis obviously increased when exposed to H 2 O 2 (2.01 ± 0.12 vs 22.13 ± 2.86, P = 0.004). However, this increase attenuated significantly after 2-AP pretreatment (22.13 ± 2.86 vs 11.24 ± 1.43, P = 0.02) (Fig. 3A) . Next, we examined the effect of 2-AP on H 2 O 2 induced caspase-3/7 activity on NCM. Figure 3B shows that H 2 O 2 induced caspase3/7 activity. However, 2-AP markedly suppressed H 2 O 2 -induced caspase-3/7 activity. To investigate the mechanism, we detected the proapoptotic factor Bax and caspase-3 expression. We found H 2 O 2 induced Bax and caspase-3 expression, but this increase was significantly buffered after 2-AP pretreatment (Fig. 3C ). These data suggest that inhibition of PKR reduced H 2 O 2 induced apoptosis by restricting Bax and Caspase-3 expression. We also evaluated the apoptosis after PKR siRNA transfection. We demonstrated NCM apoptosis obviously increased when exposed to H 2 O 2 (2.14 ± 0.13 vs 21.79 ± 3.23, P = 0.004), and this increase attenuated significantly after PKR siRNA pretreatment (21.79 ± 3.23 vs 12.07 ± 1.39, P = 0.02) (Fig. 3D ). It revealed 2-AP didn't affect the NCM apoptosis.
PKR mediates NFκB activation signaling in H 2 O 2 treated NCM. We first conducted EMSA to assess whether the activation of NFκ B was PKR phosphorylation dependent. We found NFκ B activation increased after H 2 O 2 treatment compared to that in untreated group. However, this increase was inhibited after pretreatment with 2-AP (Fig. 4A) . Activation of the p65 subunit of NFκ B was also determined with a NFκ B p65 ELISA-based assay. P65 activation induced by H 2 O 2 and was found to be significantly reduced after 2-AP pretreatment (Fig. 4B) . Next, we determined the downstream inflammatory cytokines, such as TNF-α and IL-6, mRNA expression and protein release in medium. As shown in Fig. 4C ,D,E,F, H 2 O 2 induced TNF-α and IL-6 mRNA expression and protein release in medium. 2-AP pretreated NCM displayed a significantly reduced H 2 O 2 induced TNF-α and IL-6 mRNA expression and protein release in medium. These data indicate PKR phosphorylation is essential for H 2 O 2 induced NFκ B activation signaling. PKR is involved in H 2 O 2 induced inflammasome activation in NCM. PKR mediates inflammasome activation by physically interacting with NLRP3 in mice macrophages 12 . In this study, we found NLRP3 expression increased obviously after H 2 O 2 treatment. However, the expression of NLRP3 did not differ significantly after 2-AP pretreatment in NCM (Fig. 5A ). Next, we determined caspase-1 activation and IL-1β cleavage in NCM. Though the expressions of pro-IL-1β and pro-CASP1 were stable, caspase-1 activation and IL-1β cleavage in NCM both increased after exposed to H 2 O 2 and inhibited after 2-AP pretreatment (Fig. 5B) . We also measured IL-1β release in medium. As expected, IL-1β release increased after H 2 O 2 treatment, and attenuated after 2-AP pretreatment (Fig. 5C ).
ADAR1 is induced by H 2 O 2 and modulates PKR activation. Previous reports revealed ADAR1 might
affect PKR autophosphorylation 18, 22 We first examined changes of ADAR1 expression in NCM after H 2 O 2 treatment. Both ADAR1 mRNA and protein levels were significantly increased with a peak in 12 hours (Fig. 6A,B ). Next, we tested how ADAR1 expression was manipulated. After downregulation of STAT-2 by siRNA, we found ADAR1 expression was suppressed (Fig. 6C ). Finally, we tested the effect of ADAR1 on the status of PKR phosphorylation in NCM. We observed though the total PKR Levels were unchanged, the phosphorylated PKR was downregulated while overexpression of ADAR1. We also confirmed that ADAR1 knockdown in NCM exposed to H 2 O 2 resulted in significantly increased PKR activation with unaffected total PKR levels (Fig. 6D) . These data consistently indicated that ADAR1 modulated PKR activation in NCM.
Discussion
In addition to its antiviral function, it is noteworthy that PKR responds to various cellular stresses 23, 24 and regulates cell inflammation, proliferation 25 , and apoptosis. However, most of the previous studies revealed the roles of PKR in confronting the chronic cellular stresses, including regulating metabolic homeostasis 23 , mediating TNF-α induced osteoclast formation 26 and systolic overload-induced congestive heart failure 21 , et al. In this study, we investigated in the face of H 2 O 2 treatment on NCM, an acute and drastic cellular stress, whether PKR is involved. We found consistently activation of PKR after H 2 O 2 treatment, and we also revealed PKR inhibition protected against H 2 O 2 -induced injury by attenuating apoptosis and inflammation.
PKR is a key component of the cytoplasmic RNA sensors involved in the recognition of viral double-stranded RNA (dsRNA). Accumulating evidences suggested specific nucleoside modifications and structural elements are differentially represented in either microbial or mammalian RNA and therefore provide a molecular mechanism to discriminate foreign from self RNA 27, 28 . However, under some situations, self cellular primary transcripts undergo some modifications and are recognized. The RNA released from necrotic cells may act as an endogenous TLR3 ligand for the stimulation of proinflammatory gene expression in rheumatoid arthritis synovial fibroblasts 29 . It has been described that endogenous RNA with a 5′ -triphosphate-dependent manner can interact with PKR after induction of metabolic stress by palmitic acid (PA). This study by Youssef OA et al. indicated snoRNAs were enriched in response to PA and a subset of identified snoRNAs could bind and activate PKR in vitro 30 . In this study, we found that RNA from normal NCM was unable to activate PKR. However, RNA from H 2 O 2 treated NCM resulted in PKR phosphorylation directly. The following study was warranted to identify the particular types of endogenous RNA released from H 2 O 2 treated NCM.
NFκ B, known as the major transcriptional factor of a wide range of inflammatory cytokines, triggered inflammatory response via modulating inflammatory transcription and in turn maintained NFκ B activation and establish a positive autoregulatory loop to sustain the inflammatory status 31 . The role of NFκ B activation and their downstream cytokines, such as TNF-α , in myocardial reperfusion injury has been previously reported, that myocardial ischemia reperfusion injury was alleviated after NFκ B inhibition 7, 32 . PKR has the property to mediate inflammatory signaling through NFκ B activation. As expected, in our study, inhibition of PKR activation suppressed NFκ B activation and downstream inflammatory cytokines expression. One of the recently identified proinflammatory signaling pathways involved in myocardial ischemia reperfusion injury is NLRP3 inflammasome, that inhibition of NLRP3 activation limited inflammatory injury following myocardial ischemia reperfusion 6 . PKR physically interacts with NLRP3 and mediates cleavage of inactive pro-IL-1β to their active form in mouse macrophage 12 . In our study, though NLRP3 expression was induced after H 2 O 2 treatment, NLRP3 expression was stable after 2-AP pretreatment. It indicates NLRP3 expression is not PKR activation dependent. However, IL-1β cleavage and caspase-1 activation were significantly inhibited in NCM by exposure to H 2 O 2 after 2-AP treatment, indicating that inhibition of PKR activation abrogates NLRP3 inflammasome activation. Taken together, inhibition of PKR alleviated the inflammation by suppressing the NFκ B pathway and NLRP3 inflammasome activation, which were both involved in reperfusion induced injury. We deduce alleviation of inflammation after inhibition of PKR activation provided the cardiac protection against H 2 O 2 .
Loss of cardiac myocytes by apoptosis is a serious and frequent complication from reperfusion injury 33 . It is well known that PKR can mediate different forms of stress-induced apoptosis through eIF2α phosphorylation 34 and through a Fas-associated death domain protein/caspase-8/caspase-3 signaling pathway 15 . NFκ B activation by PKR has been suggested to mediate apoptosis 35, 36 . The expressions of Bax, p53 and Bcl-2 were all regulated by PKR 16 . In present study, cardiomyocytes apoptosis induced by H 2 O 2 attenuated after PKR inhibition, accompanied by low BAX and caspase-3 expression. Though the definitive mechanism is still unknown, we found cardiomyocytes apoptosis was suppressed after PKR inhibition.
ADAR1 expression has been broadly implicated in the other inflammatory conditions [17] [18] [19] 37 . In present study, we observed ADAR1 expression was induced after H 2 O 2 treatment in NCM. Previous reports revealed a STAT-2 dependent process of transcriptional activation of IFN-induced ADAR1 expression in mouse embryo fibroblast cells 38 . In our study, we confirmed H 2 O 2 induced ADAR1 expression in NCM was also STAT-2 dependent. The expression of the mouse ADAR1 gene found on chromosome 3F2 likewise involves the utilization of multiple promoters 39 . The alternative signaling pathways which were involved in cardiac reperfusion injury include p38, STAT3 and interferon regulatory factor 3 40, 41 . Therefore, we can't exclude the possibility that other signaling pathway was also involved in H 2 O 2 induced ADAR1 expression process. In this study, we also observed over-expression of ADAR1 inhibited PKR activation. It revealed the self-preservation mechanism existed in NCM to prevent an excessive apoptosis and inflammation. Though PKR activation contributed to cardiac myocytes injury, ADAR1 expression was induced to limit PKR activation simultaneously. A similar pattern for ADAR1 in buffering inflammatory stress response in murine myoblasts was described previously 18 .
In conclusion, we observed PKR activation was induced by H 2 O 2 in NCM and inhibition of PKR protects against H 2 O 2 -induced injury by attenuating apoptosis and inflammation. A self-preservation mechanism existed in cardiac myocytes that ADAR1 expression is induced by H 2 O 2 to limit PKR activation simultaneously. The underlying mechanism is summarized in Fig. 7 . These findings identify a novel role for PKR/ADAR1 in cardiac reperfusion injury.
Materials and Methods
NCM isolation and culture. Standard principles of laboratory animal care were followed. Male C57BL⁄6 mice (aged 6-8 wk, 18-21 g) were purchased from Shanghai Laboratory Animal Center (Shanghai, China). The present study was performed in accordance with the Guide for the Care and Use of Laboratory Animals prepared by the National Academy of Sciences, published by the National Institutes of Health. All animal procedures carried out in this study were reviewed, approved, and supervised by the Institutional Animal Care and Use Committee of Shanghai Jiao Tong University. A breeding program was performed to produce neonates. Ventricular myocardial tissues from C57BL⁄6 mice born within 24 h were minced in a nominally Ca 2+ -and Mg 2+ -free Hanks' balanced solution. Cardiomyocytes were dispersed using 0.625 mg/mL collagenase (type II) at 37 °C for 40 min. The isolated cells were preplated for 90 min to remove non-cardiomyocytes. The cardiomyocytes were plated in M199 medium containing 10% fetal calf serum in 35 mm Petri dishes precoated with 1% gelatin. The cells were incubated at 37 °C in a humidified atmosphere containing 5% CO 2 . After the cardiomyocytes were cultured for 48 h, they were plated in dishes for the following studies. Cardiomyocytes were attached to the cell culture dishes (with approximately 70-80% confluency) and started to contract spontaneously. H 2 O 2 (0 to 100 μ M) was incubated with the cells according the experiment designs. 2-AP (Sigma) (4 mM) was dissolved in medium and incubated with cells 30 min before the addition of H 2 O 2 (50 μ M) to the cultures. RNase (Sigma) (100 μ g/ml) was dissolved in medium and incubated with cells 30 min before the addition of H 2 O 2 (50 μ M) to the cultures.
Measurement of intracellular ROS. Equal numbers of cells (10000/well in 96-well plates in Hanks
Balanced Salt Solution) were treated with 10 μ mol/L 2,7-dichlorofluoroscein diacetate (DCF-DA) for 3 h. Cells were washed with phosphate-buffered saline and treated with 50 μ M HO during different time intervals. DCF-DA Western blot. Proteins from cell-free supernatants were extracted by methanol/chloroform precipitation as described previously 42 . Cell extracts were also prepared. Samples were separated on SDS-polyacrylamide gels and electrotransferred onto nitrocellulose membranes. The membranes were blocked with 3% bovine serum albumin for 2 h and then incubated overnight at 4 °C with antibodies specific for phosphor-Thr466 on PKR (Abcam), total PKR (Abcam), caspase-3 (Cell Signaling), BAX (Abcam), IL-1β (Santa Cruz), caspase-1 (Santa Cruz), NLRP3 (Adipogen), STAT-2 (Santa Cruz), ADAR1 (Santa Cruz) and GAPDH (Sigma) followed by incubation with HRP-conjugated secondary antibody. The quantitative relative expression of proteins were calculated by normalizing the densitometric analysis to GAPDH.
RNA preparation. Cultured cells were mock treated or 50 μ M H 2 O 2 -treated for 12 h. RNA was extracted with TRIzol, followed by DNase treatment to eliminate any traces of genomic DNA contamination. RNA precipitations were collected after ethanol treatment. RNA was quantified by UV spectrometry and electrophorsed on a 1% agarose gel to verify purity and integrity prior to use. PKR binding assay. Cultured cells were washed with cold PBS and resuspended in RIPA lysis buffer. Then cellular lysates were precleared with protein G-Sepharose beads (Santa Cruz) and incubated with anti-PKR polyclonal antibody. The beads were washed with RIPA, collected. Immunoprecipitated PKR was incubated in kinase buffer containing 50 mM Tris-HCl, PH 7.5, 2 mM MgCl 2 , 2 mM MnCl 2 , 50 mM KCl, 0.1 mM EDTA, 1 μ g/mL aprotinin, 1 mM DTT, 20% glycerol, 10 μ Ci (γ -32 P) and 1 μ g/mL RNA (or polyI:C). The beads were washed with salt buffer and the reaction was terminated by addition of SDS sample buffer and loaded on a 10% SDS-PAGE gel.
Real-time PCR. Total RNA was isolated from cells using the RNeasy Mini Kit (Qiagen). Total RNA (2.5 μ g) was reverse transcribed to cDNA with the SuperScript II RT kit (GIBCO BRL). mRNA expressions were determined by real time PCR using SYBR Premix Ex TaqTM (Takara, Tokoyo, Japan). The primers used for real-time PCR were as follows: IL-6, sense 5′ -tgg cta agg acc aag ac cat cca a-3′ , antisense 5′ -aac gca cta ggt ttg ccg agt aga -3′ ; TNF-α , sense 5′ -ctg tga agg gaa tgg gtg tt -3′ , antisense 5′ -ccc agc atc ttg gtt tctg -3′ ; ADAR1 p150, sense 5′ -ggc act atg tct caa ggg ttc -3′ , antisense 5′ -gct gaa gct gga aac tcc tag -3′ ; ADAR1 p110, sense 5′ -ctg aag gtg gaa gac tag gc -3′ , antisense 5′ -gtc caa gta cga ctg tgt ctg -3′ ; GAPDH 5′ -cac ttg aag ggt gga gc -3′ , antisense 5′ -ggg cta agc agt tgg tg-3′ . Data were collected and quantitatively analyzed on an ABI PRISM 7900HT sequence detection system (Applied Biosystems, Warrington, Cheshire, UK). All data were normalized automatically using GAPDH as the loading control.
LDH measurement. The LDH content was detected using a chromatometry assay kit using a commercially available detection kit (Nanjing Jiancheng Biochemical Reagent Co., Nanjing, China) according to the manufacturer's instructions. The absorbance of supernatant was measured at 532 nm.
Cell viability determination. Cell viability was evaluated by the ability to reduce MTT, which is an indicator of metabolic activity. This viability assay was conducted in 96-well plates; MTT reduction was determined by spectrophotometry using a microplate reader (Bio-Tek Instruments, USA). Cell apoptosis analysis. The cells were harvested, washed and incubated with the solution of Annexin V-FITC for 20 min and then PI (50 μ g/mL) for 10 min. All staining operations must be carried out on ice and in dark. The cells were analyzed by flow cytometer.
Caspase3/7 activity analysis. Caspase3/7 intracellular activity was detected by Caspase-3/7 Assay Kit (Promega), and cell fluorescence intensity at 499 nm was measured by ELISA Tablet counter for quantitative assessment.
Preparation of ADAR1 adenoviruses and virus transfection. Mouse ADAR1 cDNA (NM_001146296) and ADAR1 shRNA (sequence: gcc aag aac tac ttc aag aaa) were cloned into Pme1/Xho1 sites of a pENTCMV vector and recombined with the Ad5 backbone for virus preparation through a commercial company (Welgen, Inc. Worcester, MA). Control virus was purchased from same company. Equal amounts of adenovirus were added to cells and incubated for 24 h. The following experiments were conducted as designed.
Electrophoretic mobility shift assay (EMSA). The nuclear extracts (20 μ g) prepared as described previously 43 were pre-incubated for 10 min in binding buffer (1 μ g poly dI-dC, 10 mmol/L Tris-HCl (pH 7.5), 50 mmol/L NaCl, 1 mmol/L EDTA, 5% glycerol, 1 mmol/L DTT, and 1 μ g/μ L BSA) on ice, followed by 30 min of incubation at room temperature with 1 × 10 5 dpm (approximately 0.5 ng) of a γ -32 P-labeled probe (Amersham) containing the NFκ B binding site 5′ -agt tga ggg gac ttt ccc agg c-3′ (Santa Cruz). DNA-protein complexes were run on a 6% polyacrylamide gel.
TransAM assay. Whole cell extracts (5 μ g) was used to detect activation of the p65 subunit of NFκ B by the commercially available TransAM p65 NFκ B assay kit (Active Motif) following the instructions of the manufacturer.
ELISA. TNF-α , IL-6 and IL-1β levels were detected in culture medium using ELISA (R&D) according to the manufacturer's instructions.
Statistical analyses.
All statistical analyses were performed using SPSS (version 17.0, SPSS Inc.). Values were reported as the mean ± SD. Samples were analyzed by two-tailed unpaired Student's t-test and one-way analysis of variance (ANOVA) when appropriate. Statistical significance was defined as P < 0.05.
